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TECHNICAL NOTE
The most widely accepted direct surgical route to
either the innominate or proximal left common
carotid artery is through a full median sternotomy.
However, in this report, we describe a less-invasive
surgical exposure and demonstrate its effectiveness
and safety in the direct treatment of these aortic arch
branch vessels.
MINISTERNOTOMY EXPOSURE 
OF AORTIC ARCH BRANCH VESSELS
A limited skin incision measuring 7 to 8 cm is
made in the midline. This extends from the sternal
notch to just past the angle of Louis. The manubri-
um and upper sternum are divided in the midline
down to the third intercostal space with a narrow
blade mounted on a redo sternotomy oscillating saw
(Stryker, Kalamazoo, Mich). The sternum is then
transected transversely at the third intercostal space,
creating an upside down T incision (Fig 1). Care is
taken to not injure the internal mammary vessels,
which are adjacent to the sternum. After accurate
hemostasis along the periosteal edges, a Rienhoff
(Pilling Weck Surgical, Fort Washington, Pa) or
other similar pediatric sternal retractor is placed to
open the upper sternum.
Thymic tissue is pushed aside bluntly or divided
with electrocautery. The upper pericardium is opened
vertically, and the edges are sewn to the skin with silk
suture. Complete mobilization of the left brachio-
cephalic vein facilitates this exposure. The base of 
the heart and arch vessels are thus exposed (Fig 2).
Innominate and/or left common carotid artery
endarterectomy, patch angioplasty, or bypass grafting
can then be performed in the usual fashion (Fig 3).
After the procedure, a 19F Blake drain (Johnson &
Johnson, Cincinnati, Ohio) is placed in the medi-
astinum and brought out laterally through one of the
intercostal spaces. This is connected to a Heimlich
valve grenade suction device. Chest tubes are not
used. Two wires are used to bring the upper and
lower sternal edges of the T together while two more
wires are placed in the manubrium. If needed, anoth-
er wire, placed as a “figure-eight” at the level of the
2nd intercostal space, completely rejoins the divided
upper sternum. After approximating the muscular and
subcutaneous planes in two layers, the skin is closed in
a subcuticular fashion.
CASE REPORTS
A 41-year-old woman with a 15-pack/year history of
smoking was admitted as an emergency with crescendo
episodes of right amaurosis fugax and right upper-extrem-
ity exertional weakness. Medical history was otherwise
negative. Clinical examination demonstrated weakly palpa-
ble right radial and ulnar pulses with a 30-mm Hg systolic
pressure differential between the brachial arteries.
Arteriography revealed high-grade stenosis of the origin of
Minimally invasive approach for aortic
arch branch vessel reconstruction
Andreas G. Sakopoulos, MD, Jeffrey L. Ballard, MD, FACS, and Steven R.
Gundry, MD, FACS, Loma Linda, Calif
Minimally invasive aortic arch branch vessel reconstruction was successfully accom-
plished in four patients over the past 3 years. There were no operative complications.
Three patients had an uneventful hospital course, ranging from 3 to 5 days. The fourth
patient with multiple medical problems and severe peripheral vascular disease had a pro-
longed hospital course for reasons unrelated to the surgical procedure. This minimally
invasive surgical exposure can be used to effectively and safely repair innominate and left
common carotid artery lesions. (J Vasc Surg 2000;31:200-2.)
From the Divisions of Cardiothoracic (Drs Sakopoulos and
Gundry) and Vascular Surgery (Dr Ballard), Department of
Surgery, Loma Linda University Medical Center.
Competition of interest: nil.
Presented at the American College of Surgeons Southern
California Chapter Meeting; Jan 24, 1999; Santa Barbara, Calif.
Supported by the Wilden Family Chair of Vascular Surgery.
Reprint requests: Dr Jeffrey L. Ballard, Division of Vascular
Surgery, Loma Linda University Medical Center, 11175 Campus
St, Coleman Pavilion/Suite 21123, Loma Linda, CA 92354.
Copyright © 2000 by The Society for Vascular Surgery and
International Society for Cardiovascular Surgery, North
American Chapter.
0741-5214/2000/$12.00 + 0 24/4/102737
JOURNAL OF VASCULAR SURGERY
Volume 31, Number 1, Part 1 Sakopoulos, Ballard, and Gundry 201
the innominate artery and no other significant arterial
lesions. At surgery, a ministernotomy was performed, and
the innominate artery was divided and oversewn proxi-
mally to exclude the embolic source. Ascending aorta-to-
distal innominate artery bypass grafting with a 10-mm
Dacron graft completed the procedure. The postoperative
course was uneventful. The Blake drain was removed on
postoperative day 2, and the patient was discharged on the
following day. The patient, now 15 months after opera-
tion, is asymptomatic with no incisional pain and a mini-
mal scar.
A 49-year-old woman experienced the development of
recent right amaurosis fugax and right upper-extremity
exertional fatigue. Although otherwise healthy, the patient
was an active smoker. The right radial pulse was palpable.
However, the ulnar pulse was absent, presumably because
of embolic occlusion. Arch aortography revealed proximal
occlusion of the innominate artery with retrograde filling
of the right subclavian and common carotid arteries
through vertebral artery reversed flow. Facilitated by the
ministernotomy approach, this innominate artery lesion
was amenable to endarterectomy with Dacron patch
angioplasty. The hospital course was uneventful, and the
patient was discharged on postoperative day 3. She
remains asymptomatic 22 months after the operation.
A 38 year-old woman who smoked two packs per day
was admitted as an emergency with purplish discoloration
of multiple digits and severe pain in the right hand. Wrist
pulses were bounding. Arteriography revealed severe
proximal innominate artery stenosis with a large intramur-
al filling defect. Urgent exploration of the innominate
artery through ministernotomy demonstrated severe cal-
cific proximal stenosis in addition to fresh thrombus. The
proximal innominate artery was oversewn to eliminate the
embolic source, and ascending aorta-to-distal innominate
artery bypass grafting was accomplished uneventfully. The
patient was discharged on postoperative day 5. One
month later, she had partial amputation of multiple digits
to remove dry gangrene and relieve pain. The index finger
was amputated through the distal phalanx. The middle
and ring fingers were amputated at the proximal interpha-
langeal joint, and the fifth finger was amputated at the dis-
tal interphalangeal joint. These amputations have healed
satisfactorily, and the patient is otherwise well 15 months
after the operation.
A 41-year-old woman with severe peripheral vascular
disease was admitted with disabling exertional pain in the
right upper extremity. Pulses were diminished in both
upper extremities. Duplex ultrasound scanning demon-
strated reversal of flow in the right vertebral artery and
severely diminished flow velocities in the proximal left
common carotid artery. Arteriography revealed severe
proximal innominate and left common carotid artery
stenosis, retrograde filling of the right subclavian artery
through the vertebral artery, and mild-to-moderate (30%
to 50%) proximal left subclavian artery stenosis. In this
case, bypass grafting from the ascending aorta-to-distal
innominate and proximal left common carotid artery with
a bifurcated graft was accomplished uneventfully with the
ministernotomy approach. This restored normal perfusion
Fig 1. Artist’s rendering of skin incision and minister-
notomy sternal division.
Fig 2. Upper sternum is divided and separated (arrows),
exposing the ascending aorta and arch vessels .
JOURNAL OF VASCULAR SURGERY
202 Sakopoulos, Ballard, and Gundry January 2000
to the right hand and eliminated a potential embolic source
proximal to the left carotid bifurcation. The ministernoto-
my incision healed satisfactorily. However, the hospital
course (10 days) was prolonged because of progressive
necrosis of an old below-knee amputation stump. Thirty
months after the operation, the patient remains asympto-
matic and ambulates with an above-knee prosthesis.
DISCUSSION
Abnormalities of the aortic arch branch vessels are
increasingly encountered in patients with severe
peripheral vascular disorders.1-6 In addition, the ather-
osclerotic process tends to occur in the proximal one
third of these arteries. This makes upper mediastinal
access ideal for the treatment of innominate and left
common carotid artery lesions.3,4 Notwithstanding
other options such as extrathoracic bypass grafting
and/or endovascular procedures, the ministernotomy
described in this article maximizes direct surgical
reconstruction options. After transsternal exposure,
the actual vascular repair techniques available to the
surgeon can vary from endarterectomy with patch or
primary closure to interposition grafting or ascending
aorta-to-distal artery bypass grafting.3,5
We favor a T sternal incision as opposed to an L-
shaped incision that divides the sternum to one side
only. This places equal stretch on both internal mam-
mary arteries instead of significantly stretching one
mammary artery, as can occur with an L-shaped inci-
sion. To date, we have had no difficulties with intra-
operative surgical exposure, nor has any patient had a
complication related to the vascular reconstruction 
or the incision. Therefore short-term outcome is
favorable. This experience demonstrates that some
amenable aortic arch branch lesions can be successful-
ly exposed and reconstructed with a ministernotomy.
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Fig 3. Artist’s rendering of surgical exposure of the innominate artery with visible atherosclerotic
stenosis. A, Repair by proximal exclusion and ascending aorta to innominate artery bypass graft. 
B, Repair by endarterectomy and patch angioplasty.
